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Description 

PROCESS FOR MANUFACTURING 
PRINTED CIRCUIT BOARDS WITH 
PROTECTED SPACES BETWEEN TRACKS 

Background of Invention 

[0001] Field of the Art 

[0002] The present invention refers to a process for manufactur- 
ing printed circuit boards with spaces existing between 
the conducting tracks protected by a resinous, cured in- 
sulating filler material, the upper surfaces of the tracks 
and of the filler material being flush. 

[0003] Background of the Invention 

[0004] | n printed circuit boards intended for power circuits, the 
conducting tracks, which are typically of copper, have a 
considerably large thickness so as to allow high current 
intensities (in the order of several amperes) circulating 
through them, without becoming heated beyond a prede- 
termined threshold. Furthermore, sufficiently large sepa- 


ration spaces between the tracks are necessary for pre- 
venting the occurrence of electric arcs. The tracks are 
conventionally obtained by chemical milling of a copper 
plate adhered to a dielectric substrate, and in said pro- 
cess, the material of the tracks is exposed on the upper 
part and on the side edges of the tracks, and, as a result, 
have the risk of undergoing corrosion. Usually, a layer of 
solder resistant mask is subsequently applied to the outer 
surface of the tracks (to facilitate later installation of com- 
ponents by flow soldering), which layer also acts as pro- 
tection against corrosion. However in some applications, 
such as printed circuit boards installed in motorized vehi- 
cles, for example, there are adverse environmental condi- 
tions such as humidity, saline atmosphere and vibrations 
or mechanical loads, among others, greatly increasing the 
risk of corrosion in the exposed material of the side edges 
of the tracks. 

[0005] The applicant has developed interconnection boxes for 
automotive power applications in which printed circuits 
having a thickness exceeding 200 microns, and typically 
in the order of 400 microns, are used. Thus, Spanish 
patents ES-A 2 021 545, ES-A-2 124 177, ES-A-2 071 
540 and ES-A-2 140 310 can be mentioned. 


[0006] The published international patent application WO 

97/16056 sets forth a resin filler for a multilayer printed 
circuit board in which said resin filler is arranged in the 
recesses existing on the surface of the printed circuit 
board, or in the through holes provided for therein. As a 
background, this patent mentions a method disclosed in 
Japanese patent JP-A-63-137499, published in 1986, 
consisting of using as a filler material, an epoxy resin 
paste with a viscosity adjusted to a suitable value for ap- 
plication thereof by prior dilution with a solvent. 

[0007] a printed circuit board applicable to power circuits is 

known by Spanish Utility Model ES-A-103341, comprising 
a dielectric laminar substrate, conducting tracks, having a 
thickness in the order of 400 urn, applied to said sub- 
strate, and separation spaces between said tracks, where 
the edges of the tracks are coated with a dielectric ink 
protecting them from corrosive effects in moist and/or 
saline environments, and increasing the dielectric coeffi- 
cient between adjacent tracks. This dielectric ink also acts 
as a solder resistant mask to facilitate installation of com- 
ponents by flow soldering. The dielectric ink can be ap- 
plied by spraying, by curtaining, by platen roller or by 
silk-screening methods, and, in reference to the drawings 


attached thereto, it can be seen how the dielectric ink 
completely fills the spaces between tracks and also covers 
the tracks. Although it is not indicated in this Utility 
Model, figure 2 of the drawings shows that a completely 
flat outer surface of the circuit is not obtained, but rather 
there are recesses in correspondence with the areas filled 
with dielectric ink. 

[0008] Spanish Utility Model application ES-A 1051902, with pri- 
ority of German patent application DE-1012 1673.4, dis- 
closes a printed circuit board made up of a dielectric lam- 
inar substrate, conducting tracks applied to said substrate 
and separation spaces between said tracks. The thickness 
of the tracks is noticeably greater than 100 urn, and said 
spaces between tracks are filled with a dielectric material 
hardened by heat or ultraviolet radiation, having the 
greatest possible adhesion to the tracks, to the substrate 
and to a solder resistant mask applied to the printed cir- 
cuit board, such that this printed board has an essentially 
flat upper surface, without breaks or recesses. 

[0009] This last document does not provide information concern- 
ing the particularities of the process for applying the filler 
material, and an experiment with any of the known appli- 
cation techniques verifies that a filler material deposit is 


formed on top of the tracks in addition to between the 
tracks. Accordingly, to obtain said essentially flat upper 
surface, without breaks or recesses, including flush upper 
surfaces of the tracks and of the filler material, it is nec- 
essary to carry out an operation to remove the filler mate- 
rial from the top part of the tracks. One such operation 
can be carried out, for example, by abrasion by means of 
grinding wheels, platen rollers or abrasive brushes follow- 
ing a step for curing or hardening the filler material by 
heat or ultraviolet radiation. 
[0010] However, this abrasion operation affecting the outer face 
or view of the conducting tracts causes a temperature in- 
crease of the tracks and of the filler material, which is al- 
ready relatively high as a result of said curing step, after 
the conclusion thereof, being able to easily exceed the 
glass transition temperature of the filler material. When 
this occurs, the filler material is degraded, its internal 
structure changes, and it loses some of its essential fea- 
tures, such as, for example, resilience and adhesive 
power, becoming brittle and tending to become detached 
from the tracks and from the substrate. On the other 
hand, it is advisable for the filler material to have a low 
glass transition temperature since the lower the tempera- 


ture is, the more resilient and adherent the filler material 
is. This means that the temperature threshold which it 
should not exceed is relatively low, which contradicts the 
necessity to carry out an abrasion operation and the tem- 
perature increase this implies. 

[° 011 ] Said mechanical polishing process will also cause thermal 
fatigue of the Cu of the conducting tracks, partly weaken- 
ing their adherence to the substrate. 

[0012] | t must a | so De taken into account that said temperature 
increase together with the increase that will occur during 
the later soldering of components to the tracks, and gen- 
erally due to any exposure of the printed circuit to a heat 
source, will cause a different expansion in the filler mate- 
rial and in the conducting material of the tracks because 
of their different thermal expansion coefficients, which 
will cause pressures on the side edges of the tracks, which 
will be translated into a shear stress which will affect the 
layer of adhesive material normally joining the tracks to 
the substrate. Such stress can lead to a detachment of the 
tracks from the substrate during the abrasion step or at a 
later time. 

[0013] The object of the present invention is to provide a process 
for manufacturing printed circuit boards with spaces be- 


tween tracks protected by means of a filler material which 
prevents the drawbacks described above caused by ex- 
cessive heating in an abrasion step, and providing good 
insulation resistance and dielectric strength features. 

[0014] Another object of the invention is that of being able to in- 
tegrate on the circuit produced, in which there is no un- 
evenness between tracks and substrate, electronic com- 
ponents by means of the Surface Mount Technology 
(SMT), and as a result, providing a circuit in which power 
and electronics are combined. 

[0015] Another object of the invention is that of making it possi- 
ble to obtain printed circuits with a conducting track 
thickness exceeding 200 microns, and with a spacing be- 
tween said tracks of less than the conventional spacing (as 
it is filled with a dielectric substance), and generally with a 
minimum spacing of less than 0.9 mm, which provides the 
possibility of mounting a greater diversity of electronic 
components, and among them, fine pitch type electronic 
components. 

[0016] B r j e f Explanation of the Invention 

[0017] The aforementioned and other objects are achieved, ac- 
cording to the present invention, by providing a process 
for manufacturing printed circuit boards with protected 


spaces between tracks, of the type comprising, as con- 
ventionally, the steps of: a)arranging an initial board made 
up of a substrate in the form of a two-sided board of a 
dielectric material, and at least one plate of a conducting 
material, joined by means of a layer of adhesive to at least 
one of said sides of the substrate; b)removing, by means 
of a selective chemical milling process with photoresist, 
areas of said plate to provide tracks of said conducting 
material joined to said substrate and separated by spaces 
between tracks; c)applying on said substrate and tracks a 
resinous electroinsulating filler material to fill said spaces 
between tracks, covering the tracks, and hardening said 
filler material by heat or ultraviolet radiation; and 

d) applying an abrasion treatment of the filler material and 
upper part of the tracks to obtain flush upper surfaces of 
the filler material and of the tracks, the process being 
characterized in that it comprises the additional step of: 

e) after step c) and during step d), subjecting the printed 
circuit board to cooling to carry out a temperature reduc- 
tion in the filler material to below its glass transition tem- 
perature, and maintaining this temperature, preferably, at 
all times. 

[0018] The process of the invention has a special application in 


printed circuit boards intended for power circuits, espe- 
cially in the automotive sector, in which the tracks are 
made of copper and have a thickness of 2 10 urn to 400 
urn to withstand high intensities without becoming exces- 
sively overheated during use, whereas said layer of adhe- 
sive joining them to the substrate has a peel strength of at 
least 6 N/mm, and preferably of 8 N/mm or more, which 
ensures stability of the coupling. The filler material ar- 
ranged in the areas between tracks is a bi-component or 
single-component resin, which can be hardened by ultra- 
violet radiation, and with a glass transition temperature 
(obtained by means of thermomechanical analysis) com- 
prised between 40°C and 130°C, although as indicated 
above, a low glass transition temperature of around ap- 
proximately 40°C is preferable. Since in the filler material 
hardening step c) the temperature of the board can reach 
up to approximately 80°C, said temperature reduction in 
the filler material is carried out in order to take the filler 
material from approximately 80°C at the conclusion of 
step c) to approximately 30°C at the beginning of the 
abrasion step d), for a glass transition temperature of the 
filler material of approximately 40°C. 
[0019] jo cause said cooling, different methodologies could be 


used, such as cool air circulation through the operative 
area. 

[0020] The filler material application step c) is preferably carried 
out following step b) without polishing irregularities on 
the ridges, cants or edges created on the tracks by chemi- 
cal milling, as normally occurs in the processes in the 
state of the art, since such irregularities cooperate in a 
good adhesion of the filler material to the tracks. The 
flush upper surfaces of the tracks and the filler material 
obtained by means of the process of the invention largely 
facilitate an additional, conventional step f) for applying, 
by means of a selective printing process, a solder resistant 
mask on selected areas of said flush upper surfaces, and 
hardening it by heat or ultraviolet radiation. The thickness 
of said solder resistant mask is preferable from 21 urn to 
30 urn. 

[0021] a| so d ue ^ chemical milling, the side edges or flanks of 
the tracks are not perpendicular to the substrate, there- 
fore the width of the spaces between tracks varies with 
the distance to the substrate. In the boards obtained by 
the process of the invention, the average width of said 
spaces between tracks ranges from 0.3 mm to 0.5 mm for 
a track thickness of 210 um to 0.5 urn to 1.0 mm for a 


track thickness of 400 um, although for 400 urn-thick 
tracks, an average width of the spaces between tracks of 
0.8 mm to 1.0 mm is preferred. This makes it possible to 
mount components with a pitch (spacing between connec- 
tion elements) of less than 0.9 mm. 
[0022] The filler material can be an acrylic resin or an epoxy resin 

3 

with a density of approximately 1.35 g/cm and a viscos- 
ity, at the time of its application, ranging from 14500 
mPas to 20000 mPas for a track thickness of 400 urn, 
from 26000 mPas to 30000 mPas for a track thickness of 

210 um. 
Brief Description of Drawings 

[0023] jhe aforementioned and other features and advantages 
will be better understood from the following detailed de- 
scription of an embodiment of the process according to 
the present invention, with reference to the attached 
drawings, in which: 

[0024] Figure 1 shows an enlarged schematic cross-sectional 

view of an initial one-sided board from which a first em- 
bodiment of the process of the present invention is car- 
ried out; 

[0025] Figure 2 shows an enlarged schematic cross-sectional 

view of the board of figure 1, from which the conducting 


tracks have been obtained; 
[0026] Figure 3 shows an enlarged schematic cross-sectional 

view showing the spaces between the tracks of the board 

of figure 2 filled with a filler material; 
[0027] Figure 4 shows an enlarged schematic cross-sectional 

view showing flush upper surfaces of the tracks and the 

filler material obtained by abrasion of the board of figure 

3; 

[0028] Figure 5 shows an enlarged schematic cross-sectional 
view showing a layer of solder resistant mask applied on 
selected areas of the flush surfaces of the board of figure 
4; and 

[0029] Figure 6 shows an enlarged schematic cross-sectional 
view of a two-sided printed circuit board with the pro- 
tected spaces between tracks obtained by means of a sec- 
ond embodiment example of the present invention. 
Detailed Description 

[0030] Firstly in reference to figure 1, said figure shows an initial 
board used as a starting material for carrying out a one- 
sided printed circuit board with protected spaces between 
tracks by means of a first embodiment example of the 
process according to the present invention. The initial 
board shown in figure 1 is a conventional-type, one-sided 


board, and is made up of a substrate 1 in the form of a 
laminar board of a dielectric material with two main sides, 
and a plate 2 of a conducting material joined by means of 
a layer of adhesive 8 to one of said sides of the substrate 
1. A second embodiment example of the process of the 
present invention, briefly described below in relation to 
figure 6, is likewise useful for manufacturing two-sided 
printed circuit boards with protected spaces between 
tracks. In this second embodiment, an initial, also con- 
ventional, two-sided board (not shown) is used, made up 
of a substrate similar to the one described above but with 
two conducting plates, each one adhered to a respective 
side of the two main sides of the substrate. In both cases, 
the substrate can be any of the dielectric materials com- 
monly used for that purpose in the sector, such as those 
called FR2, FR3, FR4, CEM1, CEM2 or CEM3, and said con- 
ducting plate(s) 2 is/are preferably of copper, and has/ 
have a suitable thickness for providing tracks with a 
thickness of 210 urn to 400 urn, suitable for power cir- 
cuits. Said layer of adhesive 8 has a peel strength of at 
least 6 N/mm, and preferably of no less than 8 N/mm, for 
the purpose of withstanding shear stresses produced by 
pressures on the side edges of the future tracks due to 


subsequent steps of the process of the invention de- 
scribed below. 

[0031] Moving on to figure 2, said figure shows the result of a 
conventional step consisting in removing areas of said 
plate 2 by means of a selective chemical milling process, 
to provide tracks 5 of said conducting material joined to 
said substrate 1 by means of said layer of adhesive 8, and 
separated by spaces between tracks 6. Said chemical 
milling process is well known in the state of the art, 
therefore it has not been shown, and implies, according to 
one possible embodiment, brushing the surface of the 
copper plate, applying thereon a layer of photosensitive 
resist resin, selectively exposing areas of the layer of resin 
to a light source by means of a cliche with the configura- 
tion of the tracks 5, revealing the layer of photo-sensitive 
resin to remove therefrom several areas corresponding to 
said spaces between tracks 6 and subjecting the initial 
board thus prepared to a chemical bath to corrode and 
remove those areas of the copper plate 2 not protected by 
the photosensitive resist resin. With this, a printed circuit 
board like the one schematically shown in figure 2 is ob- 
tained, which, after a washing, is preferably subjected to 
an electrical check in order to dispose of those boards 


which may be defective. 
[0032] | t j S important to point out that the previous chemical 
milling process does not provided flat edges, flanks or 
side edges 10 of the tracks 5, perpendicular to the sub- 
strate 1, as they are often schematically shown, but rather 
said flanks 10 have a rough surface and, when seen in a 
cross-sectional view as in figure 2, have a concave curved 
profile with the widest part of the tracks 5 located next to 
the substrate 1, and the narrowest part near its upper 
outer surface. In consistence with this, the spaces be- 
tween tracks 6 are limited in a lateral manner by convex 
curved profile surfaces, and their narrowest part is next to 
the substrate 1, and their widest part is close to their 
outer part. 

[0033] The average minimum width of said spaces between 

tracks 6 preferably ranges from 0.3 mm to 0.5 mm for a 
track thickness of 210 um, up to 0.5 mm to 1.0 mm for a 
track thickness of 400 um. For a track 5 thickness of 400 
um, it is more preferable for the average width of said 
spaces between tracks 6 to range from 0.8 mm to 1.0 
mm. 

[0034] Then, as shown in figure 3, a resinous, insulating filler 

material 7 is applied on the printed circuit board made up 


of the substrate 1 and the tracks 5, in order to fill the 
spaces between tracks 6. The filler material is then cured 
or hardened by heat or ultraviolet radiation, depending on 
the composition thereof. By means of this operation, said 
filler material 7 remains, unavoidably, covering the tracks 
5 in a more or less irregular manner. Advantageously, the 
step for applying the filler material 7 is carried out with- 
out polishing the side edges 10 created on the tracks 5 
due to the chemical milling process used for their obtain- 
ment, since said rough surfaces and concave curved pro- 
files of the tracks cooperate in providing greater adhesion 
of the filler material 7 to the tracks 5. 
[0035] a filler material 7 suitable for being arranged in the 
spaces between tracks 6 is a bi-component or single- 
component resin, hardened by ultraviolet radiation, with a 

3 

density of approximately 1.35 g/cm , and a glass transi- 
tion temperature of 40°C to 130°C. The lowest possible 
glass transition temperature is preferred, for example 
from 40°C to 60°C, since this means grater resilience for 
the filler material 7. Optimal viscosity for the filler mate- 
rial 7 at the time of its application varies according to the 
thickness of the tracks 5, a lower viscosity being advisable 
the thicker the tracks are. Thus, for example, a suitable 


viscosity for a track thickness of 400 |jm is from 14500 
mPas to 20000 mPas, and for a track thickness of 210 
urn, suitable viscosity is from 26000 mPas to 30000 mPas. 
The previous properties and features can be obtained 
from an acrylic resin or an epoxy resin. 

[0036] The resin used is also characterized by a very low shrink- 
age during the curing process, which minimizes the vol- 
ume loss causing an unwanted concave profile for the re- 
quired flatness. Said resin must have good resistance to a 
soldering bath (thus facilitating the later process of 
mounting components by flow soldering). 

[0037] The resin used must make it possible for the curing pro- 
cess to be short, for example in the order of 5 to 10 sec- 

2 

onds with a power contribution of 3500 mj/cm . 
[0038] Now in reference to figure 4, said figure shows the result 
of a subsequent step consisting in applying an abrasion 
treatment to the filler material 7 and upper part of the 
tracks 5 in order to slightly lower them until obtaining 
flush upper surfaces 3 of the filler material 7 and of the 
tracks 5. This treatment can be easily applied by means 
of, for example, grinding wheels or abrasive platen rollers. 
However, the high-speed abrasion work carried out by 
abrasive tools on the filler resin material and on the cop- 


per of the tracks generates heat which increases the tem- 
perature of the filler material 7, which is already above 
room temperature since it is coming from the curing by 
radiation step. If the filler material 7 is heated above its 
glass transition temperature, it can lose its behavioral 
properties and features, especially its resilience. 

[0039] jo prevent this from occurring, after the curing or hard- 
ening step and during the abrasion step, the additional 
step of subjecting the printed circuit board to cooling is 
included in order to bring about a decrease of the tem- 
perature of the filler material 7 to below its glass transi- 
tion temperature. The temperature of the filler material 7 
at the conclusion of the curing step is approximately 
80°C, and it is advisable to take it to a temperature below 
its glass transition temperature, i.e. to approximately 
30°C for a material with a glass transition temperature of 
approximately 40°C, prior to beginning the abrasion step, 
and maintaining it approximately at this level for the du- 
ration thereof. Accordingly, the required thermal differ- 
ence is of approximately 50°C. 

[0040] Finally in reference to figure 5, after the step for leveling 
by abrasion and for brushing the obtained flush surfaces 
3, the process comprises the additional step of applying a 


solder resistant mask 9 on selected areas of said flush 
upper surfaces 3 of the tracks 5 and filler material 7. This 
is carried out by a conventional printing process (not 
shown) which includes selectively printing, for example by 
means of silk-screening, a 21 urn to 30 urn-thick layer of 
resin with good lead and/or tin solder resistance features 
and then hardening it by heat or ultraviolet radiation. Said 
solder resistant mask 9 forms a protective layer on the 
printed circuit board, leaving only small areas of the flush 
upper surfaces 3 corresponding to the copper tracks 5 
exposed. The individual components of the printed circuit 
board will be soldered, for example by means of the con- 
ventional flow soldering process, in these small exposed 
areas. 

[0041] Therefore, as shown in figure 5, once finished, the printed 
circuit board obtained by the first embodiment of the pro- 
cess of the present invention, comprises a dielectric sub- 
strate 1, on one side of which conducting tracks 5 are 
fixed by means of a layer of adhesive 8, a filler material 7 
arranged in the spaces between tracks 6 and a solder re- 
sistant mask 9 on flush upper surfaces 3 of the tracks 5 
and of the filler material 7, in which only several small ar- 
eas of the copper of the flush upper surface 3 of the 


tracks 5 are exposed, which areas will later be coated with 
the material for soldering the components, thereby leav- 
ing no copper surface of the tracks unprotected. Further- 
more, for better protection during a possible storage pe- 
riod prior to soldering the components, the printed circuit 
board receives a layer of organic material coating. 
[0042] Figure 6 shows a two-sided printed circuit board with 
protected spaces between tracks 6a, 6b, obtained by 
means of a second embodiment of the present invention, 
which comprises the same steps as the first embodiment, 
but with the following variations. The initial board, as in- 
dicated above, comprises a dielectric laminar substrate 1 
with two main sides on which two plates of a conducting 
material are joined by means of respective layers of adhe- 
sive 8a, 8b. Tracks 5a, 5b and spaces between tracks 6a, 
6b are obtained on both sides of the substrate 1 by means 
of an analogue chemical milling process. Then, the first 
steps for applying the filler material 7a, the curing, cool- 
ing and leveling by abrasion are carried out for obtaining 
the flush surfaces 3a on one side of the printed circuit 
board, it is flipped over and then the same steps for ap- 
plying the filler material 7b, curing, cooling and leveling 
by abrasion are carried out for obtaining the flush sur- 


faces 3b on the other, opposite side of the printed circuit 
board. Then, after the flush surface 3a, 3b brushing oper- 
ation, the solder resistant mask 9a is applied and cured 
on one side of the printed circuit board, it is flipped over, 
and the solder resistant mask 9b is applied and cured on 
the other side of the printed circuit board. 
[0043] a person skilled in the art will be able to introduce varia- 
tions and modifications without exceeding the scope of 
the present invention as it is defined in the attached 
claims. 


